Estimates of paralysis prevalence in the U.S. vary widely, ranging from 1.4 to 5.4 million people. 1 In 2009, Congress authorized a three-part effort to address the public health challenges posed by paralysis. 2 The first two titles of the Christopher and Dana Reeve Paralysis Act provide the National Institutes of Health (NIH) with authority to investigate research to understand causes of paralysis in the hopes of identifying a cure, and explore clinical trials that lead to improved rehabilitation treatments. The third provision authorized the Centers for Disease Control and Prevention (CDC) to implement public health activities devoted to improving the quality of life for persons with paralysis and other physical disabilities. 3 The legislation recognized the importance of conducting accurate paralysis surveillance as the first step toward establishing a quality of life public health action plan for people with paralysis.
Prior research has noted numerous difficulties in conducting population-based surveillance of conditions associated with paralysis. 4 Variation in estimates can be attributed to different sampling strategies, sample size, and differing definitions of paralysis. Establishing an operational case definition of paralysis to more accurately screen for this condition is central to addressing these challenges.
One approach to developing a case definition for paralysis is to screen for diagnosed medical conditions associated with paralysis, and then query a given data source further to determine its functional expression, but this method presents challenges. The three diagnoses most This publication was made possible through grant number 90PR3001 from the Administration for Community Living and prior grant number HHS1U59DD000838 from the Centers for Disease Control and Prevention. The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention or the Administration on Community Living.directly linked to paralysisdstroke, SCI, and multiple sclerosis (MS)dcan be screened for in surveys (''. have you ever received a diagnosis for .''), but each present unique difficulties in tracking paralysis. Stroke has an estimated prevalence of 7.3% in the adult U.S. population, with disability occurring in 65% of cases, but paralysis constitutes an unknown subset. 5 The disabling effects of stroke are potentially reversible and severity of stroke varies over time, making stroke-related paralysis time-dependent. SCI, another example, typically results from irreversible trauma. Prevalence estimates using SCI registries approach 280,000 people in the U.S. 6 but do not include non-traumatic causes of spinal cord dysfunction that can also lead to paralysis and are based on a subset of U.S. reporting sites that may not be representative of SCI experienced in all states. 7 MS prevalence estimates range from 58 to 95 per 100,000 adult population, translating to as many as 285,000 people with paralysis.
8e10 But symptoms of MS are frequently unpredictable, with exacerbations and remissions influenced by age, duration of disease and environmental exposures. 11 An alternative approach is to base case identification on a functional definition of paralysis and then extrapolate likely etiology, but this approach is not without risks of its own. Reliability and validation procedures need to be considered to ensure credibility of the surveillance data and findings. 1 In addition, there is the need to identify and then build upon a conceptual framework that supports a functional operational case definition of the condition. Non-medical disability models from which to choose can be found among disablement frameworks, where disablement is considered the impact of chronic and acute conditions on specific body system functioning as well as people's abilities to act in necessary, usual, expected and personally desired ways in their society. When the World Health Organization released the International Classification of Functioning, Disability and Health (ICF) in 2001, it extended the disablement approach to health and health-related domains to describe changes in body function and structure, level of capacity, and level of performance. 16 A 2007 Institute of Medicine report cited this framework in calling for ''. increased attention to the critical roles that the physical and social environments . play in determining the extent to which individuals with chronic physical and mental conditions can function independently and participate fully in community life.'' Since then, the ICF has been influential in providing a framework for understanding interactions of condition, environment and personal factors on influencing body function and structure, activities and participation. 18 Still, the slowness with which the ICF framework has been adapted to public health practice may reflect the lack of a standardized approach that is widely understood, 19 or more general ''. challenges around the operationalization of the ICF's core concepts (that) need to be resolved.'' 20 Despite these challenges, research has demonstrated the value of cross-mapping existing items in surveillance instruments on to the framework of the ICF. 21 Often termed ''content comparison'' or ''back coding,'' it has been applied retrospectively to multiple disability-causing conditions including arthritis, 22 stroke 23 and dementia, 24 as well as globally. 25 The ICF continues to be proposed as a public health strategic planning tool, 26 and for use in applying classification schema to advance health promotion in the United States and Canada. 27 Objectives a) Develop a case definition of paralysis based on functional limitations; b) Develop valid self-report procedures for paralysis; and c) Develop a questionnaire that utilizes ICF domains and codes to facilitate consistent current and future data collection.
Methods
Objectives were realized through a multi-year project that involved four steps:
An assessment of prior data collection efforts that included a review of existing surveys, registries and other data collection efforts designed to capture case definitions in use and paralysis prevalence; Use of a consensus conference to develop a case definition of paralysis based on the ICF rather than medical diagnostic criteria; Use of the ICF framework for domains of interest to develop, cognitively test, validate and administer a brief self-report questionnaire for telephone administration on a population basis; Development and administration of the 2013 Paralysis Prevalence and Health Disparities Survey that used content mapping to back code items from existing national surveys to operationalize key domains.
Results

Assessment of prior data collection efforts
In 2005, with guidance from a national expert panel, academic researchers conducted a national assessment of how paralysis was defined and how paralysis data were collected. 28 Tasks included a review of current surveys used to identify persons with paralysis; a survey of organizations representing persons with paralysis-related disabilities to assess their surveillance capacities; and follow up interviews with potential best practice sites. They recommended the development of ''a . definition that captures the breadth of possible ways in which paralysis can manifest itself . encompass(ing) categories inclusive of all people who may experience functional limitations and decreased social participation because of these limitations.'' 1 
Development of a functional definition of paralysis
Following this report, the CDC funded a consensus conference of experts in 2006, which led to the following conceptual definition of paralysis based on the ICF functional definition of disability, combining condition and functional outcome, as well as subsequent questions targeting etiology: 29 Paralysis is a central nervous system disorder that results in difficulty or inability to move the upper or lower extremities. This conceptual definition was operationalized for survey-based surveillance as follows: (1) Do you or does anyone in this household have any difficulty moving their arms or legs?
If respondents answered ''yes,'' they were then asked (2) to identify one of the causes from among the following: SCI, traumatic brain injury (TBI), stroke, poisoning, complications from surgery, amyotrophic lateral sclerosis/Lou Gehrig's, Guillain Barre syndrome, MS, neurofibromatosis, epidural infection, Chiari malformation, syringomyelia, post-polio syndrome, spinal muscular atrophy, Fredrich's ataxia, transverse myelitis, cerebral palsy, and spina bifida. If they identified ''yes'' to the first question and specified a diagnosis to the second, they met the definition of paralysis.
Developing, cognitively testing, validating and administering a brief self-report questionnaire related to ICF domains Based on results of the initial population survey, the expert panel made several changes to the paralysis items. Case ascertainment procedures were strengthened to reduce the possibility of false positives e self-reporting paralysis or paralysis conditions such as SCI when in fact they did not exist. In conjunction with SCI research consultants, a three step process to increase likelihood of reliable responses was developed:
(1) Cognitive testing of the two items on paralysis and subsequent focus groups to gather information about the clarity and understandability of the paralysis items; (2) Pilot testing to further refine paralysis questions and include new items on two pilot surveys; and (3) Field implementation of the paralysis items and questionnaire on national, population-based surveys and additional refinement of paralysis items.
Cognitive testing A research team organized through the Center for Development and Disability (CDD) at the University of New Mexico developed a survey that included the two paralysis questions, in addition to others intended to gain greater understanding of factors related to living with paralysis. Testing was administered by phone to English-speaking people with paralysis who were recruited from lists of people known to be paralyzed throughout New Mexico maintained by the CDD and meeting the functional case definition of paralysis, taking an average of 5 min to complete, with respondents compensated for their time. After completing the survey, participants were invited to participate in follow-up interviews in which they were queried about clarity and understandability of the questions. Approximately 30% participated in the follow-ups, with more in-depth understanding of their responses leading to further revisions of the questions developed through prompts around broad areas of body function and structure (1); activities and participation (2); and environmental factors (3) ( Table 1) .
Pilot testing
Findings from the cognitive testing led to revisions that were then included on two national random-digit pilot test surveys. Participants were recruited by a large national polling and survey group 30 using randomly generated phone numbers to respond to the pilot surveys. Based on findings from these pilots, the order of some questions was revised, as well as listings of some conditions found to be redundant or inappropriate.
Field implementation
Field implementation involved two national, populationbased telephone surveys in the US conducted in 2008 and then again in 2012e2013 by the same nationallyrecognized research and polling firm. The surveys used a national household sampling strategy, screening on whether the person answering the phone or anyone else in the household had difficulty moving their upper or lower extremities. AfricaneAmericans and Hispanics were oversampled to assure representativeness.
Results from the first field survey were generalized to the population of the United States and weighted to reflect the population of the United States using a two-stage process, first correcting for disproportionality of the Hispanic survey and then weighting the results to 2008 Current Population Survey (CPS) estimates on education, age, region, and gender. This was done separately for each racial group, and each group was balanced to their overall proportion in the population. The second field implementation used similar methodology, but used both land lines and cell phone numbers, incorporating case identification items from the first survey as well as newly developed validation items and additional variables based on the ICF framework. A follow-up call to this second survey that averaged 10 min was conducted with respondent households meeting the case definition of paralysis, asking questions on financial aspects of health care, preventive care, and functional limitations.
Results from the second survey were also weighted to account for disproportionate probabilities of household selection due to the number of separate telephone lines and probability of random selection of an individual household member. Following this weighting, the sample was additionally weighted to the 2012 American Community Survey (ACS) on key demographics such as age, race, sex, region, and education, taking into account the distribution of phone usage in the general population (cell phone only, cell phone mostly, landline only, and mixed users).
Participants. Subject matter experts in the different components of the study included eight experts in the initial expert panel (2005e06); 30 participants in the consensus conference who had expertise in paralysis research, public health, surveillance, and the lived experience of paralysis; and five experts in the validity component, particularly for SCI.
Respondents to the surveys included approximately 100 people in the cognitive testing phase; 30 in the follow-up to the cognitive testing; approximately 1000 people participated in the pilot test surveys; 631 in the follow-up call to the second survey. In total, 103,796 households responded to the two field surveys (Fig. 1 ).
Development and administration of the 2013 Paralysis Prevalence and Health Disparities Survey
The focus of the second national survey, conducted in 2012e2013, was to gather information on paralysis prevalence, severity, general health, secondary conditions, and 
Validation of paralysis and etiology
The final validation protocol for the self-definition of paralysis included questions on what caused the difficulty (maximum 9 depending on skip pattern), type of SCI (5), and treatment received after spinal cord injury including location of treatment (11) . Questions included: Currently, how difficult is it for you to move your arms and/or legs? This difficulty in movement is due to? What accident or injury caused your difficulty in moving? What condition or disease caused your difficulty in moving? What condition were you born with that caused your difficulty in moving? Which of these do you think caused your difficulty in moving? When did this happen? Complete survey is available from the authors upon request.
Prevalence rates and the epidemiology of paralysis
Prevalence estimates and characteristics of people living with paralysis were generated from each of the two field surveys. Estimates for both surveys were very similar, documenting our ability to replicate overall prevalence using the more rigorous study protocol put in place for the 2012e2013 survey, while retaining the use of the ICF framework on which both surveys were developed. Detailed findings of the 2012e2013 survey will be presented in a subsequent publication.
Discussion and conclusion
This study demonstrates that a functional definition of paralysis based on the ICF can be used as a surveillance tool. This approach can be relevant for monitoring prevalence and learning more about the epidemiology of other disabling conditions as well, such as communication or sensory impairments. For these types of disability, a functional definition can capture more useful information on independent living, which can vary considerably over the life course and at different times for individuals depending on environment and nature of the condition.
While this conceptual approach is not new, 19 it can be more frequently applied in ways that complement traditional approaches to surveillance based upon diagnoses alone, and allow for improved understanding of other factors such as health care and social services use, and daily assistance of people with the specified condition. 31 The use of models of disability that blend medical, functional and social models can allow public health to expand its focus to examine the complex interplay between characteristics of an individual e including medically based impairments e and the multiple environments within which people with disabilities live, while also considering physical and socio-emotional health, cost of care and quality of life issues.
